The Study of Japan Earthquake Deformation Based on GPS  by Yong, Wang et al.
 Procedia Environmental Sciences  10 ( 2011 )  9 – 13 
doi: 10.1016/j.proenv.2011.09.003 
Available online at www.sciencedirect.com
 
 
The Study of Japan Earthquake Deformation based on GPS  
WANG Yonga,b, LIU Yanpingc, SU Youpob, a* 
a Institute of Surveying and Land Information Engineering, Henan Polytechnic University, century road 2001th, Jiaozuo 454000, 
China 
bResearch Center of Earthquake Engineering, Hebei United University, Xinhua west road 46th,  Tangshan 063009, China 
c School of Civil Engineering, Central South University, Lushan south road 932th, Changsha 410083, China 
 
Abstract 
According to the GPS data provided by International GNSS Service, the author adopted the software of 
GAMIT/GLOBK to solve the GPS data. The deformation of GPS stations’ coordinates during the Mw 9.0 Japan 
Earthquake was achieved which was utilized to infer physical processes at earthquake sources. It was computed six 
GPS stations’ data by GAMIT/GLOBK software and analyzed the GPS stations’ coordinate series. The changes of 
six stations were subsiding in the Vertical direction, while the changes of each station were moving north in the 
earthquake time in the North direction. The change values among KGNI, TSK2 and TSKB in North and Vertical 
direction reached 0.4m, or nearly 0.5m. It can be concluded that KGNI, TSK2 and TSKB were greater changes in the 
earthquake, which were close to the earthquake epicenter.  
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1. Introduction  
The Mw 9.0 Japan Earthquake occurred at 05:46 UTC on Friday, 11 March 2011. The epicenter was 
approximately 72 km (45 mi) east of the Oshika Peninsula of Tǀhoku, with the hypocenter at an 
underwater depth of approximately 32 km [1]. The earthquake triggered extremely destructive tsunami 
waves of up to 37.9 meters [2] that struck Japan minutes after the quake, in some cases traveling up to 10 
km inland [3], with smaller waves reaching many other countries after several hours. Tsunami warnings 
were issued and evacuations ordered along Japan's Pacific coast and at least 20 other countries, including 
the entire Pacific coast of the Americas [4].  
It can be obtained the accurate 3-D displacement of the Earth's surface changes by GPS observations. 
The changes of the Earth's surface displacement field observed by GPS are the direct response about 
Earth's interior stress field in the ground. It is important in science research which used ground-based 
observations to study the changes in crustal stress field and seismic activity. There are many successful 
examples in the study of ground deformation caused by seismic activity which are based GPS data [5-8].  
In order to achieve the deformation affected by earthquake, we will process the GPS data in 11th 
March, 2011 and attain the 2 hours’ time series of GPS stations. According to the GPS data provided by 
IGS, the authors adopted the software of GAMIT/GLOBK to solve the GPS data. The deformation of 
GPS stations’ coordinates during the Mw 9.0 Japan Earthquake was achieved which was utilized to infer 
physical processes at earthquake sources.  
2. Coordinates Of Gps Stations And The Earthquake Epicenter  
In order to study the impact of the earthquake in Japan, we have downloaded six GPS data in Japan 
from IGS (ftp://garner.ucsd.edu). The time of GPS data is the 70th day (also 11th March) in 2011. Table 1 
are shown the coordinates of GPS stations and the earthquake epicenter.  
Table 1 the center of the earthquake and GPS stations’ coordinates 
 
 
The GPS data processing carried out daily by the software of GAMIT/GLOBK. The GPS data was 
computed by every 2 hours in RINEX format with a 30 s sampling rate. In the process the final ephemeris 
are used and the solve mode is relax. The station coordinate system is shown by NEU system.  
3. 3-D Gps Station Deformation  
We have achieved the time series of each station’s NEU coordinates. In order to better display the 
changes of GPS station’s coordinates, we focused on sequence coordinates of each station the following 
treatments: 2 hours as a unit, we calculated the change value of coordinates. The first value delegated the 
minus result of coordinate between the first 2 hours and the second 2 hours. The second value represented 
Station/Region LAT/deg LONG/deg 
Epicenter of the earthquake N38:19:19.2 E142:22:8.4 
AIRA N31:39:06.8 E130:35:58.5 
KSMV N35:46:21.5 E140:39:27.6 
MIZU N38:56:48.8 E141:07:58.1 
MTKA N35:29:50.5 E139:33:40.9 
TSK2 N35:55:21.1 E140:05:13.6 
TSKB N35:55:21.5 E140:05:14.9 
USUD N35:57:00.2 E138:21:43.3 
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the minus result of coordinate between the second 2 hours and the third 2 hours, and so on, the 11th value 
delegated the minus result of coordinate between the 11th 2 hours and the 12th 2 hours. It is shown the 
coordinate change of each station from figure 1 to figure 6 which y-axis means the coordinate change and 
the units are meters, x-axis means the time and the units are 2 hours.  
 
    
Fig.1 the coordinates change of AIRA                                                     Fig.2 the coordinates change of KGNI  
 
   
Fig.3 the coordinates change of MTKA                                             Fig.4 the coordinates change of TSK2 
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Fig.5 the coordinates change of TSKB                                                Fig.6 the coordinates change of USUD 
From figure 1 to figure 6 it is shown that the coordinates’ change of six GPS stations.In the Vertical (U) 
direction, the changes of six stations were subsident. In the North direction, the changes of each station 
were moving north in the earthquake time (UTC 6h). As to the East direction, the stations between ARIA 
and MTKA were slowly displaced to the west. At the same time, KGNI, TSK2, TSKB and USUD station 
moved eastwards.  
 
TABLE 2 Coordinate change of KGNI and TSK2 stations in North, East and Vertical directions  
 
Time/2h KGNI TSK2 
N/m E/m U/m N/m E/m U/m 
1 -0.0036 -0.033 0.0204 0.0172 0.032 -0.0456 
2 0.109 0.195 -0.037 -0.006 0.049 -0.004 
3 -0.421 -0.254 0.374 -0.458 -0.109 0.475 
4 0.11 0.012 -0.249 0.097 0.044 -0.034 
5 -0.182 -0.009 0.338 0.005 0.049 0.042 
6 0.155 -0.141 -0.328 0.004 -0.076 -0.07 
7 0.016 0.125 0.009 -0.037 -0.087 -0.038 
8 0.048 0.094 0.051 0.087 0.184 0.091 
9 -0.083 -0.112 -0.034 -0.106 -0.148 -0.043 
10 0.055 0.053 -0.009 0.048 0.061 0.021 
11 0.021 -0.019 0.001 -0.028 -0.026 0.046 
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According to the values of changes, the change values among KGNI, TSK2 and TSKB in North and 
Vertical direction reached 0.4m, or nearly 0.5m. Table 2 was shown the time series of the more intense 
station such as KGNI and TSK2. 
From Table 1, station coordinates and the location of the epicenter of view, the three stations from the 
earthquake epicenter was closer to the stations.Compared all the figures, it can be seen that KGNI, TSK2 
and TSKB were greater changes in the earthquake, which were close to the earthquake epicenter.  
4. Conclusion  
It was computed six GPS stations’ data by GAMIT/GLOBK software and analyzed the GPS stations’ 
coordinate series. The changes of six stations were subsident in the Vertical direction, while the changes 
of each station were moving north in the earthquake time in the North direction. The change values 
among KGNI, TSK2 and TSKB in North and Vertical direction reached 0.4m, or nearly 0.5m.  
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